Abstract-This paper develops a representation of the Northeastern U.S. bulk electric power system, with an emphasis on New York and New England. The representation has two parts: a 36-bus electrical model in PTI-23 format and market data in the form of generator bids and load demands. The market data are distilled from historical data on public web sites. Since the historical data are available on an hourly basis over many years, the representation is quite rich. In addition, this paper includes the mix of generation at each bus in the model so that generation cost (fuel and emissions) and unit commitment constraints can be deduced. The representation is intended to be a test-bed for formulating, simulating and analyzing the combined technical and economic objectives of the changing electric power industry. It is further intended to be a test-bed for comparing methods of simulating electric power systems and electricity markets operating under engineering constraints. It can, for example, be used for power flow, optimal power flow, reliability, market clearing, and other economic studies. The representation as described is intended only for steady-state equilibrium studies and does not account for inter-temporal effects such as unit commitment constraints. It can, however, be extended to account for those effects.
test system that includes standardized engineering, economic, and market models. Without such models, neither a systematic comparison of various numerical optimization tools nor a clear understanding of the issues presented by the industry changes can take place. Real-world test systems are usually both proprietary and too data-intensive for the purposes of transparent discussion. The test system presented here is large enough to exhibit characteristics typical of the real-world systems while being small enough for concise and transparent discussion.
Motivated by the needs outlined above, this paper develops a small but realistic representation of the Northeastern Power Coordinating Council (NPCC) U.S. bulk electric power system, with an emphasis on New York and New England. This representation is intended to be a test-bed for simulating electric power systems and electricity markets operating under engineering constraints and can be used for power flow, optimal power flow, reliability, market clearing, and other economic studies. Consequently, it comprises two parts: an electrical model and market data. The electrical model was created by reducing a much larger model used for power system studies. The reduced electrical model is summarized in Section II, and the reduction process is detailed in Section III. A one-line diagram of the reduced electrical model is shown in Fig. 1 , and the model itself is given in the Appendix and the online Appendix [5] . The market data include both generator bids and load demands. It is taken from public web sites, as described in Section IV. Section IV also explains how to combine the market data with the electrical model so as to complete the representation. Additionally, Section IV presents the mix of generation at each bus so that generation cost and unit commitment constraints, for example, can be deduced. Section V summarizes this paper.
II. ELECTRICAL MODEL SUMMARY
The electrical model is derived from a 2002 U.S. Federal Energy Regulatory Commission (FERC) 715 case [1] which models the anticipated electric power system conditions at peak load during the summer of 2007. Since the FERC 715 case represents the entire Eastern Interconnection, the areas south and west of PJM/MAAC were first deleted. Next, network reduction techniques [2] , [3] , described in Section III, were applied to the remaining areas to greatly reduce the number of buses in the model. The buses in the reduced model were individually selected to provide a good representation of the Northeastern U.S. bulk electric power system, particularly in New York and (to a lesser extent) New England, while limiting the size of the model to 40 buses or less. Correspondingly, New York is represented 0885-8950/$25.00 © 2008 IEEE by 19 buses, New England is represented by eight buses, Ontario is represented by five buses, Pennsylvania-New Jersey-Maryland (PJM) is represented by two buses, and Quebec and the Maritimes Region are each represented by a single bus radially connected to New York and New England, respectively. Thus, the reduced electrical model has a total of 36 buses. Note that because the 36-bus model is equivalenced it is much more connected than a real power system. Each bus in the 36-bus model is connected to about seven other buses on average, whereas in real power systems a bus is usually connected to between two and three other buses. As a consequence, the 36-bus model is not useful as a test case for contingency analysis.
Each bus in the 36-bus model contains both load and generation which represent the aggregate load and generation in the vicinity of the bus. The single bus at 9M PT 2G (77950) was used as the swing bus during network reduction because it offered the best numerical convergence during the process. It is therefore listed as the swing bus in the model. However, a more remote bus with larger generation, such as Alburtis (1), is probably a more appropriate choice for subsequent studies. The remaining buses are modeled as PV buses having constant real power injection and constant voltage as long as the equivalent generator at the bus has sufficient reactive power capability; that is, as long as the generator can operate within its VAR limits. However, if the reactive power required from the generator to support the voltage set-point exceeds the VAR limits of the generator, then the bus becomes a PQ bus having constant real and reactive power injections, with the reactive power output of the generator equal to its limit. In this case, the bus voltage varies. In general, all bus voltages should be kept within 0.95 per-unit and 1.05 per-unit, except for Ontario which is allowed an upper voltage limit of 1.1 per-unit.
A one-line diagram of the 36-bus model is given in Fig. 1 . The electrical model itself is given in the Appendix in PTI-23 format [4] and in the online Appendix [5] . PTI-23 format offers two data fields with which to compartmentalize the model: areas and zones. Here, the area field is used to identify market zones so as to facilitate the incorporation of historical market data. The zone field is used to identify market subzones.
It is important to emphasize that the electrical model shown in Fig. 1 is greatly reduced. Although it captures several thermal and voltage constraints that are observed to restrict power transfers in system planning and operating studies, it is not sufficiently accurate for a detailed analysis of the Northeastern U.S. bulk electric power system. Rather, its real value is as a small yet realistic test bed for developing simulations of electric power systems and electricity markets operating under engineering constraints. The wealth of web site data on which it is built greatly adds to its utility. To this end, the electrical model exhibits many features of a real power system, including a variety of equipment, spatially-varying voltage limits, and congestion. In summary, it is intended to be a test system for algorithms and software, as opposed to a study system for the Northeastern U.S. bulk electric power system.
III. MODEL REDUCTION DETAILS
The model reduction process was carried out in two main steps after the initial truncation. In the first step, conventional equivalencing [2] , [3] was used to reduce the original model presented in [1] . As described above, 36 preselected buses were retained. All other buses, including generator terminal buses, were removed by the equivalencing process. The equivalencing was first carried out area by area and then repeated over the entire system to remove the boundary buses between areas. A cutoff threshold of 5 p.u. (per unit) impedance for PJM and 4 p.u. impedance for all other areas was specified for retaining lines; lines with a larger impedance were not included in the equivalent model. Most of the primary transmission lines in the original model have impedances on the order of 0.03 p.u. or less and carry much greater power than those having an impedance on the order of 4 p.u. or above. Outside of PJM, several highimpedance lines with an impedance greater than 4 p.u. initially remained after equivalencing with a 5 p.u. cutoff; because of this, the equivalencing was repeated with the impedance cutoff threshold lowered to 4 p.u. The resulting model had virtually no generation. The transmission flow imbalance at each bus was represented by a load, which may be positive or negative.
The second step was to add equivalent generators at each bus in the 36-bus model to represent the generation in the original model. To do this, a second equivalenced model was created in parallel with the 36-bus model. This second model was also created by applying successive equivalencing to the original model, except that all generator terminal buses of units larger than 25 MW were retained in addition to the preselected 36 buses. Using this model, which is henceforth named "the reduced generator model," an equivalent generator representation for the 36-bus model was derived. To do so, all generators in the reduced generator model were aggregated at their nearest bus in the 36-bus model, where "nearest" means the bus directly connected by the smallest impedance branch. All other branches connected to the generator in the reduced generator model were approximated as having infinite impedance and therefore ignored.
The real power injection and limits for an equivalent generator in the 36-bus model were aggregated directly from the corresponding original generators in the reduced generator model. The equivalent reactive power injection, on the other hand, was taken to be sum of the reactive powers received at the equivalent generator bus in the reduced generator model through the lines between the equivalent bus and the original generators. Each such injection contribution is given by (1) where is the equivalent reactive power injection contribution for the 36-bus model, and are the real and reactive injection at the generator bus into the line in the reduced generator model connecting the original generator to the equivalent bus, is the per-unit voltage at the original generator bus, and is the line reactance. In general, and are not equal to the original generator output and because of load and other branches connected to the original generator bus in the reduced generator model. Note that in (1) is maximized over at (2) The reactive power limits for an equivalent generator in the 36-bus model are also aggregates of the limits of the original generators in the reduced generator model. Each limit contribution was estimated from the limit of the original generator and the impedance of the line connecting the original generator to the bus in the 36-bus model where the equivalent generator is to be located. This calculation is based on (1) and was performed according to (3) (4) where and are, respectively, the maximum and minimum reactive power limit contributions for the 36-bus model, and are the reactive power limits of the original generator, and is the reactive power output of the original generator. In general, both the minimum and maximum reactive limits of the generator are lower in the reduced generator model because of the branch reactance between the equivalent generator bus and the original generator bus.
As detailed above, the real and reactive power generation and limits for all individual equivalent generators at a bus were summed together to produce an aggregate equivalent generator for the 36-bus model. The real and reactive power outputs of the aggregate generators were then added to the loads in the 36-bus model to maintain network balance. Using this methodology, real power losses between the generator and the bulk power system are included in the network model, while reactive power losses between the generator and the bulk power system are netted against the generator reactive capability. This asymmetric treatment of real and reactive power generation is employed on purpose. Since the market data pertain to generator outputs at their terminal buses, it is best to include the real-power losses between the generators and the bulk power system in the electrical model comprising the transmission network and the loads. This permits a direct translation from market generation data to model generation data. However, the impact on the bulk power system of reactive power production by the generators depends strongly on the locations of the generators and their electrical distances from the bulk power system. Therefore, the reduced generator model approximates the effective reactive power output of each generator as seen from the bulk power system. Some specific elements required special handling during the construction of the 36-bus model. To begin, several static VAR compensators (SVCs) are present on the NPCC bulk power system. These SVCs are represented as generators with no real power output on EHV network buses in the original model. Some SVCs simply remained on the same bus in the 36-bus model, while others were transferred to the nearest bus in the 36-bus model using the equivalent generator reactive limit calculation described above.
Quebec is connected to the remainder of the Eastern Interconnection only through DC tie lines. The DC tie line to Quebec at Chateauguay, along with Beauharnois generation, is represented as a single bus with a generator radially connected to the New York power system. Similarly, the Phase II DC tie line from Radisson to Sandy Pond in Northeastern Massachusetts is modeled as a generator at Sandy Pond (71786). The proposed 600-MW Project Neptune HVDC tie line between New Jersey and New York is represented as a pair of generators on the buses nearest to each tie line terminal, with one generator having positive output and the other generator having negative output.
After creating the 36-bus model, it was found that all equivalent lines connected to the Alburtis bus in PJM had negative resistances. To make the model more realistic, each resistance was changed to a positive value equal to one-tenth of the line reactance while preserving the original voltage and angle solution. The resulting power flow mismatch at each bus was then added to the equivalent load to preserve network balance. No bus load changed by more than 65 MW or 149 MVAR in the process, and the change in load at each bus was small relative to the total bus load.
To represent some lines controlled by phase angle regulators (PARs), four lines in the 36-bus model were identified as being PAR-controlled in the original model. The PAR representation disappeared as a consequence of the network reduction. To return a PAR to the 36-bus model, a phase shifter with a angle capability was placed in series with the corresponding line. The line resistance and reactance were not changed. All lines in parallel with the PAR were then deleted. The angle of the PAR was adjusted to hold the scheduled flow in the original model; the resulting angle is nonzero because the flow on the equivalent line is somewhat different from the original model as a result of equivalencing and the deletion of parallel branches. Power flow mismatches created as a result of this process were netted against the bus load.
Thermal ratings for some key lines in the 36-bus model are also included. Some of the buses in the 36-bus model are directly connected by lines also present in the original model. In this case, the original lines are preserved in the 36-bus model along with their thermal ratings. Ratings for each PAR circuit were added based on the actual rating of the PAR and/or the lines directly in series with the PAR. For other lines, ratings are estimated based on incremental flows and the thermal ratings of limiting lines in the original model. The thermal rating of the New Brunswick-New England tie line was increased by 10 MW because different sections of this line have slightly different ratings. The rating originally preserved by the equivalencing process was for the receiving end (New England); the flow at the sending end is slightly higher because of losses. Using these thermal ratings, some of the major intra-and inter-area congestion patterns are preserved in the 36-bus model. Some generation in southern PJM was not originally represented in the reduced generator model because its large electrical distance from the buses in the 36-bus model exceeded the cutoff threshold of 5 p.u. impedance for retaining lines in the equivalencing process. This generation was added to the real power of the equivalent generator modeled at Alburtis (1); the reactive power was not adjusted since this generation is assumed to be too distant to provide any voltage control. The real power load at Alburtis was also adjusted to maintain power balance.
Finally, as a consequence of equivalencing, some of the constant-power real and reactive load in the original model had been converted to real and reactive shunts in the 36-bus model. In order to make the 36-bus model more realistic, these shunt loads were converted back to constant-power loads in the 36-bus model. As a result, the 36-bus model has only constant-power loads. Table I shows a comparison of the original model and the equivalenced 36-bus model. As a result of equivalencing, some load and generation "moved" from one area to another by virtue of being nearest to an equivalent bus in a different area.
is also transferred to these buses. In total, this results in a 19% increase in the load for NY, an 8% decrease in the load for PJM, and a 7% decrease in the load for Ontario.
Finally, a comparison of distribution factors on the Leeds-Pleasant Valley lines between the original model and the 36-bus model shows a reasonably good match. These lines are particularly important because planning and operating studies often show that their thermal ratings limit power transfer between upstate and downstate New York. Other thermal constraints, such as the lines feeding power into New York City, are also represented. The 36-bus model also approximates the limits on real power transfers across New York State which are based on voltage and reactive power.
IV. INCORPORATING HISTORICAL MARKET DATA
The 36-bus model described in Section II can be used as a template to create alternative models from historical data. Such models could, for example, be used for simulating power flow, optimal power flow, market clearing and other economic activities under a variety of operating conditions. As described in this section, an alternative model is created by first scaling the loads in the 36-bus model, and then combining the new model with the corresponding generator bids as required. In this paper, the scalings and bids are derived from historical records of the day-ahead markets in the IESO, ISONE, NYISO and PJM control areas. However, other historical data could be used in a similar manner. Note that, in the following subsections, the term "zone" denotes a market zone. The market zones are defined in the area data field of the 36-bus model as presented in the Appendix and in the online Appendix [5] .
In the 36-bus model, the PJM market zones correspond to PJM/ MAAC. However, around 2002 PJM began to expand its control area, and its web site data reflect this growth. Consequently, it is important to use that portion of the web site data that corresponds to the original PJM/MAAC when combining it with the 36-bus model. This process is explained in more detail below.
A. Load Demands
Electric power consumed by a load is modeled here as an inelastic demand. In general, historical aggregated real-power load data are available on public web sites for each zone in the 36-bus model, and these data can be used to scale the corresponding real-power loads. Table II lists the web sites from which the historical real-power loads may be obtained for all but two of the zones in the 36-bus model. Reactive-power loads are not readily available for any of the zones in the 36-bus model, nor is the equivalent power factor information. Further, while reactive-power load is expected to vary along with real-power load, this variation is in part offset by the switching of capacitors and small local generators. Therefore, the reactive-power load varies less as seen by the bulk power system. Consequently, it is proposed here to keep the reactive-power loads unchanged as the real-power loads are scaled. For software test purposes, one could also use a constant power factor for scaling the loads. In either case, the 36-bus model will not capture the low-level allocation of reactive power because this voltage level is not present in the model.
To carry out the real-power load scaling, each published aggregated real-power zonal load is distributed to the individual loads within the corresponding zone in proportion to the values of the individual loads as given in the 36-bus model. Thus (5) where is the real-power load at bus in the 36-bus model, is the scaled value of the same load, is the published aggregated real-power load for the zone in which bus is located, and is the set of buses in the zone in which bus is located. On its web site, the IESO lists hourly demands for Ontario, which corresponds to the Ontario (IMO) zone in the 36-bus model. On its web site, the ISONE lists the day-ahead demand for its entire control area. The ISONE uses these data to clear its markets, and so it is most appropriate for use with the 36-bus model. On its web site, the NYISO lists the load commitment for each of its eleven zones in the 36-bus model. Finally, on its web site, PJM list hourly loads for its original PJM/MAAC region (MIDATL). This is most appropriate for use with the 36-bus model.
There are two cases for which the direct scaling of real-power loads is not possible. The first case concerns the two zones in the PJM control area that are in the 36-bus model. Here, the only publicly available real-power load data for these two zones is the sum of the two. In this case, the scaling of the real-power loads is carried out simultaneously for both zones. The second case concerns the zone that is the New Brunswick control area in the 36-bus model, for which there appears to be no public realpower load data. In this case, the published real power consumed by the New England control area, normalized to the base load in the 36-bus model, is used to modulate the base load in the New Brunswick control area to derive its scaled load. Finally, note that no loads are modeled in the zone that is the Hydro Quebec control area.
As explained in Section III, some of the loads in each zone of the original model moved to neighboring zones during equivalencing. Therefore, the mapping of web site loads into equivalenced loads as described by (5) is not perfect. Nonetheless, it is adequate because only a small fraction of the original loads moved to another zone. 
B. Generator Bid Functions
For optimal power flow, market clearing, and other economic studies, it is necessary to have generator bid functions in addition to the electrical model. Generator bid functions are generally proprietary and therefore not widely available. In this case, a reasonable substitute is a linear bid function having a constant slope equal to the marginal price of electricity in the vicinity of the generator bus. The resulting bid function for the th generator is then as shown in Fig. 2. In the figure, is the real power generated by the th equivalent generator, is the total cost of the bid for this generation, and is the marginal price of electricity at or near the generator bus. The bid function is defined for , where and are the minimum and maximum real-power operating limits of the th equivalent generator, respectively, as given in the 36-bus model.
Since the 36-bus model is an aggregated model, it is not possible to identify the location of each of its generators. Therefore, it is also not possible to assign a location-based to each generator. Instead, in this paper, is taken to be the marginal price of electricity averaged over the zone in which the corresponding aggregated generator resides. These zonal prices are, for the most part, available on public web sites. Table III lists the web sites from which the zonal prices may be obtained for all but two of the zones in the 36-bus model.
On its web site, the IESO lists hourly marginal electricity prices for Ontario (HOEP); note that these prices are in Canadian dollars. On its web site, the ISONE lists the day-ahead hourly marginal electricity prices averaged over its entire control area. These are most appropriate for use with the 36-bus model. It also lists the energy components of the marginal electricity prices, which are likely to be closer to the actual costs of generation. However, to be consistent with the data available on other web sites, it is proposed here to use the marginal electricity prices in total. On its web site, the NYISO lists hourly marginal electricity prices for each of its eleven zones in the 36-bus model. It also lists its estimates of the prices for ISONE (NPX), Ontario (OH) and PJM, but these are not used here. Finally, on its web site, PJM lists hourly marginal electricity prices averaged over its entire control area (PJM-RTO), and also for individual zones and buses. Since the Alburtis bus in the 36-bus model is an aggregate of most of PJM/MAAC, the marginal electricity price averaged over the entire control area is most appropriate for this bus. The marginal electricity price for Waldwick, however, is most appropriate for the Waldwick bus in the 36-bus model. Unfortunately, marginal electricity prices are not available for the Quebec and Maritimes control areas on public web sites. Therefore, this information must be deduced from that obtained from the other control areas. In this paper, the marginal price of electricity for the New York North Zone is used for Quebec, and the marginal price of electricity for New England is used for the Maritimes. There are disadvantages to using the model of generator bid functions described here. First, the marginal cost of generation of a real generator is generally not constant over generating power as assumed here. Second, even if the marginal cost of generation is constant, the marginal cost of generation and the marginal price of electricity are not necessarily numerically equal. Third, the generators in the 36-bus model are aggregates of real generators, and the marginal prices of electricity found on the web sites are spatial averages. In general the aggregation and averaging will not match perfectly. Finally, real generators do not necessarily bid their marginal cost of generation. Nonetheless, the generator bid functions described here are useful for drawing general economic conclusions and for benchmarking economic simulations.
C. Illustrative Example
To illustrate the creation of an alternative representation, consider creating a representation for the hour extending from 2 PM to 3 PM on Tuesday, March 1, 2005 . The corresponding data taken from the web sites listed in Tables II and III are given in  Table IV , and the results, namely and for each bus, are given in Table V . Note that the load data for PJM are taken from the MIDATL data sheet.
To compute the scaled loads , the load fraction for each bus is computed first. This is the fraction preceding in (5) and is the fraction of the corresponding zonal load that exists at each bus in the zone, as given in the 36-bus model. Note that the load fractions depend only on the data in the 36-bus model; they do not depend on web site data. Finally, the scaled load is computed for a bus by multiplying the corresponding zonal load from Table IV by the load fraction for that bus. As mentioned above, this process can not be carried out for the single bus in the Maritimes Region. In the 36-bus model, the load in the Maritimes region is 0.149 times the total load in New England, and this ratio is preserved during scaling. Thus, the web site load for New England is multiplied by 0.149 to determine the scaled load for the Maritimes Region.
To be specific, consider the computation of the entries in Table V for the two buses in PJM. From Table I , or from the electrical model given in the Appendix, the total load in PJM as given in the electrical model is 51 588 MW. From the model, it can be seen that this load is distributed as 50 882 MW at Alburtis and 706 MW at Waldwick. Thus, 98.6% of the PJM load is at Alburtis, and 1.4% of the PJM load is at Waldwick. These percentages are the load fractions given in Table V . Again, they are derived from the loads in the original model. From Table IV , the revised total load in PJM at the chosen hour is to be 35 309 MW. Thus, using the load fractions, a revised (scaled) load of 34 815 MW should be located at Alburtis and a revised (scaled) load of 494 MW should be located at Waldwick. These are the given in Table V . To determine the marginal electricity price that serves as the generator bid function for a bus, it is necessary only to copy the corresponding zonal marginal electricity price entry from Table IV . This is straightforward except for the cases of Quebec and the Maritimes, for which web site data do not exist. As mentioned above, the marginal electricity prices for the New York North and New England zones are used here for Quebec and the Maritimes, respectively. For PJM, for example, this process results in an of 48.21 for Alburtis, and 54. 45 for Waldwick.
D. Generation Mix Within the NPCC System
As a byproduct of the network reduction process, an approximate characterization of the mix of generating plants is developed for each bus in the 36-bus model. This characterization includes only those generating plants in operation at the time of the reduction. It does not, however, include Generators #1 at WALDWICK (5028) and FARRAGUT (74327). These opposing generators are used to model the 600 MW Project Neptune DC line. Further, dual-fuel plants are chosen to be either fully gas-fired or fully oil-fired in accordance with their predominant operation. While it is not possible to produce a completely accurate characterization, the generation mix in the 36-bus model is generally representative of the regional generation present in the NPCC system. These data are given in Table VI . Also as a byproduct of the network reduction process, the minimum and maximum generation at each bus in the 36-bus model is determined. These data are given in the electrical model in the Appendix and in the online Appendix [5] .
The information in Table VI can be used for several purposes. First, it can be used to determine complex generator cost functions using various economic data sources, as opposed to the simple generator bid functions described in Section IV-B. Such generator cost functions could be more useful in some economic studies. Second, the information can be used to assess generator characteristics such as unit commitment, and these characteristics can be used to extend the 36-bus model, making it useful for more extensive testing.
V. SUMMARY
The goal of this paper is to provide an electric power system representation that is a small yet useful test bed for developing and benchmarking simulations of electricity markets operating under engineering constraints. Possible applications include the simulation of power flow, optimal power flow, reliability, market clearing and other economic activities. To be useful for such simulations the representation must include both an electrical model and the corresponding market data.
The electrical model developed here is a greatly reduced model of the Northeastern U.S. bulk electric power system. This model was developed in several steps. The first step was to truncate a very large model of the entire Eastern Interconnection so as to delete all areas south and west of PJM/MAAC. The next step was to apply conventional equivalencing, based on the star-delta transformation, to further reduce the size of the model. The final step consisted of a series of careful adjustments so that the reactive power flow in the reduced model closely matches the reactive power flow in the original model, and the real power flows along the major corridors in the reduced model are similar to those in the original model. This results in an electric power system model whose total generation and load are close to those in the original model, and one that is small yet realistic. The resulting model is given in the conventional PTI-23 format [4] . It is sufficiently transparent that it is very useful for simulation development and benchmarking.
To complete the representation, this paper illustrates how to obtain historical loads from public web sites and use them to scale the loads in the reduced model. Further, it illustrates how to obtain equivalent generator bid functions from the same public web sites. The mix of generation at each bus is also provided to deduce more complex generator bid functions and unit commitment constraints. Together, the reduced model and the market data from the web sites provide a very rich and realistic, yet small, representation of an electric power system.
In closing, it is emphasized that the electrical model developed here is greatly reduced. It is therefore not sufficiently accurate for a detailed analysis of the Northeastern U.S. bulk electric power system. Rather, its real value is as a small yet realistic test bed for developing simulations of electric power systems and electricity markets operating under engineering constraints. The wealth of web site data on which it is built greatly adds to its utility.
APPENDIX ELECTRICAL MODEL (PTI-23 FORMAT)
The above data define the 36-bus model of the NPCC Electric Power System. It is provided in PTI-23 format [4] . It can also be obtained in electronic format from New Electricity Transmission Software Solutions (NETSS), Inc. by sending a request to milic@netssinc.com or milic@ece.cmu.edu.
